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ν̅ Coherent pion production

• Neutrino interacts with nucleons
  coherently, producing a pion
• No nuclear breakup occurs

Charged Current (CC):  νµ+A→µ+A+π+

Neutral Current (NC):  νµ+A→νµ+A+π0

Several measurements in past (‘80-’90).
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Fig. 5. Visible cross section (En >/ 5 GeV) for coherent single charged plon production for neutrino and antmeutrmo induced 

interactions. The predictions of the Rein-Sehgal model (full hne)  and of the Bel 'kov-Kopehovlch model (dashed hne)  are 

indicated 
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Fig. 6. Compilation of experiments on coherent single p]on producUon. Shown are the results from both neutral current 

[ 1-4] and charged current [4-9]  data, for neutrino and antmeutrmo reduced interactions. The FNAL [8,9 ] values from 

combined neutrino and antmeutrmo data have been included m the upper dxagram For this experiment the results for the 

visible cross section were corrected for the selecUon of En >/ 5 GeV according to the Bel'kov-Kopellov~ch approach. Data 

from other experiments have been scaled, where necessary, to allow comparison The pred]cuons of the Rem-Sehgal model 
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2High energy results and the model 
suggest: cross sections of coherent π 
prod. for ν and ν̅ are similar size.
σ(νCC-coh) ~ σ(ν̅ CC-coh) Solid line: Rein-Sehgal model

Dotted line: Bel’kov-Kopeliovich

Measurements are at high energy region.
Rein-Sehgal model well describes the 
data.

➜ ν̅ data is expected to be more sensitive 
    to look at CC coherent π production than ν data.
    ∵ σ(ν CC) > σ(ν̅ CC)
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SciBooNE’s ν̅ data
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Chapter 21

Data set and Monte Carlo simulation2

2.1 Data set3

We summarize the SciBooNE data-taking in Table 2.1. Data-taking was started on4

June 8, 2007 and was completed on August 18, 2008. Figure 2.1 shows a history of5

the accumulated number of protons on target (POT). We have collected 2.52× 1020 POT6

after data quality cuts, while 2.64 × 1020 POT have been delivered. The data collection7

efficiency is 95.5%. The hardware configuration of SciBar was slightly changed after Run 18

as noted in the table. The TA threshold has been increased to reduce noise TDC hits due9

to after pluses from VA. The noise rate reduces by a factor of 20, while the averaged hit10

finding efficiency is 99.8% in both configurations, estimated with cosmic-ray muons.11

In this analysis, the full neutrino data of 0.99× 1020 POT is used.12

Table 2.1: Summary of SciBooNE data-taking

Run Period POT Note
Run 1 (Antineutrino) Jun. 2007 - Aug. 2007 0.52× 1020 TA threshold: 50 mV
Run 2 (Neutrino) Oct. 2007 - Apr. 2008 0.99× 1020 TA threshold: 300 mV
Run 3 (Antineutrino) Apr. 2008 - Aug. 2008 1.01× 1020 TA threshold: 300 mV
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Figure 2.1: History of the accumulated
number of protons on target (POT).
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5

Results with full antineutrino 
data set will be presented in 
this talk.

• neutrino      : 0.99x1020 POT
• antineutrino: 1.53x1020 POT

EC

Data set

 2.52x1020 POT in total • QE
• Llewellyn Smith, Smith-Moniz
• MA=1.2 GeV/c2

• PF=217MeV/c, EB=27MeV
(for Carbon)

• Resonant π
• Rein-Sehgal (2007)
• MA=1.2 GeV/c2

• Coherent π
• Rein-Sehgal (2006)
• MA=1.0 GeV/c2

• DIS
• GRV98 PDF
• Bodek-Yang correction

• Intra-nucleus interactions

Data MC

νν̅ ν̅ 

Number of Protons on target (POT)

Flux prediction
Based on
A.A. Aguilar-Arevalo, et al., Phys.Rev.D79 072002 
(2009), arXiv:0806.1449 [hep-ex].

ν Interaction (NEUT)



ν̅µ

νµ

ν̅ beam at SciBooNE
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Large fraction of neutrino (wrong sign) background.

ν̅µ: ~84%, νµ: ~16%, νe+ν̅e <1%
(cf. ν mode: νµ 93%)

[Flux] x [cross section]

ν̅

ν 

ν̅µ : ~63%
νµ : ~36%

[Flux] x [σ]

anti-ν Flux
(SciBooNE location)

Mean Eν = 0.6 GeV

➜ Need to understand ν background.



– Right sign
• ν̅ CC-QE: ν̅ + p → µ+ + n 

– Wrong sign
• ν CC-QE: ν + n → µ- + p

➜ Can distinguish ν and ν̅ CC-QE by 
     finding recoiled proton
ν̅ CC-QE: 1 track (µ), ν CC-QE: 2 track (µ+p)

7

ν̅  CC-QE

+
ν̅ 

p n
W-

ν CC-QE

In SciBooNE energy (~1GeV) CC-QE interaction is dominant.

Separating ν and ν̅ interactions
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Search for
 ν̅ CC coherent π
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Event selection

10

SciBar-MRD matched sample

1track 2track >2track

µ+πµ+p

ν̅ CC-coherent π
sample

MRD-stopped

Define MC
normalization

w/o activity w/ activity

Number of
tracks

Particle
identification

Energy deposit
around the vertex

Use the same selection criteria as ν coherent π 
(NOTE: no syst. error included, no MC tuning yet)

ν̅ CC-coherent π
counter-sample
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! CC coherent " 

! CC coherent " 

 (wrong sign)" 

 CC other" 

! CC resonant " 

 CC QE" 

 NC" 

 BG (EC/MRD events)

Coherent-π counter-sample show 
fairly good agreement MC/data

ν̅ coherent π sample show data deficit at low Q2 region.
But data suggest non-zero CC coherent π component.
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! CC coherent " 

! CC coherent " 

 (wrong sign)" 

 CC other" 

! CC resonant " 

 CC QE" 

 NC" 

 BG (EC/MRD events)

Pμ θμ Eνrec Q2rec

Where “data excess” come from?
Remove all (ν+ν̅) CC coherent π from 
MC prediction in coherent π sample.

➜

Preliminary
Preliminary

Preliminary
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“Data excess” in small θμ ?
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Put back CC coherent-π MC prediction

Where “data excess” come from?
Muon distributions
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θπ > 35 deg

θπ < 35 deg

Where “data excess” come from?
Pion track distributions

Track length Track angle Opening angle

Track length Track angle Opening angle
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Coplanar angle difference: Δφ
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Summary
• Search for CC coherent π in ν̅ data
• ν̅ data is sensitive to search for coh. π

• ν̅ data suggest: 
• Non-zero CC coherent π component.
• But consistent with SciBooNE’s upper limit on 

σ(ν CC coherent π) - PRD 78, 112004(2008)

• Pions from CC coh-π production tend to 
be produced more forward than prediction.

• Similar CC coh.π signature in ν data too.

• Hope to have fruitful discussion in this 
workshop to improve CC coherent-π model.
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Backup
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θπ > 35 deg
Pμ θμ Eνrec Q2rec

θπ < 35 deg
Pμ θμ Eνrec Q2rec

Where “data excess” come from?

Wed May  6 17:07:44 2009
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θπ > 35 deg

θπ < 35 deg

Where “data excess” come from?
2nd track distributions

Wed May  6 17:07:49 2009
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